Worldwide privatization of the telecommunications industry and the introduction of competition in the sector, altogether with the ever-increasing rate of technological advance in telecommunications, raise new and critical challenges for regulation. For matters of pricing, universal service obligations, and the like, one of the key questions to be answered is: "What is the efficient cost of providing the service to a certain area or type of customer?" As developing countries move forward with their efforts to build up their capacity to regulate their privatized infrastructure monopolies, cost models are likely to prove increasingly important in answering this question. Costs models deliver a number of benefits to a regulator willing to apply them, but they also ask for something in advance: information. Without this vital element no answer can be given to the question posed above. In this paper, we will introduce cost models and establish their applicability when different degrees of information are available to the regulator. The latter is accomplished by running the model with different sets of actual data from Argentina's second largest city and comparing the results. Reliable and detailed information is generally a scarce good in developing countries, and we establish here the minimum information requirements that a regulator needs to implement a cost proxy model approach, showing that this 'data constraint' need not be that binding. 1 We are grateful to M. Celani, F. Gasmi, L. Guasch, J.J. Laffont, M. Rodriguez-Pardina and W. Sharkey for useful comments and suggestions. Any remaining mistake is ours. 
I. Introduction
Worldwide privatization of the telecommunications industry and the introduction of competition in the sector, altogether with the ever-increasing rate of technological advance in telecommunications, raise new and critical challenges for regulation. For matters of pricing, universal service obligation (regulation required to boost industry growth in areas not currently served or to maintain provision to areas in danger of losing it) and the like, one of the key questions to be answered is: "What is the efficient 2 cost of providing the service to a certain area or type of customer?"
As developing countries move forward with their efforts to build up their capacity to regulate their privatized infrastructure monopolies, cost models are likely to prove increasingly important for several reasons. First, an independent ability for regulators to assess costs can remove information asymmetries from the process of crafting efficient regulation. Second, independent cost estimates can increase transparency and may be helpful in reducing the risks of corruption that may exist in designing or reviewing pricing and subsidy policies. Finally, cost models may help in the development of infrastructure buildout policy by identifying cost differences across regions of the country.
Costs models deliver a number of benefits to a regulator willing to apply them, but they also ask for something in advance: information. Without this vital element no answer can be given to the question posed above. In the remainder of this paper we will introduce cost models and establish their applicability when different degrees of information are available to the regulator. We accomplish the latter by running the model with different sets of actual data from Argentina's second largest city and comparing the results.
The paper is organized as follows. Section II deals with the proper definition of costs and their measurement. Section III presents the FCC model for cost assessment in detail,
while Section IV discusses the data required to implement it. Section V concludes.
II. Costs and Their Measurement: A Digression
Which costs are we talking about?
The regulator must decide on the relevant definition of costs to be considered in cost models when answering the question in the first paragraph of this paper. First, a distinction should be made between economic and accounting costs. Economic cost is about opportunity cost, i.e., the reward the factors of production involved in the provision of the service would obtain in their best alternative use. As stated in Atkinson et al. (1997) , firms make decisions based on prices and economic costs; in particular, in dynamic, competitive markets like telecommunications, firms base their decisions on the relationship between prices and forward-looking economic costs, so this is the relevant definition of economic costs to be considered. Forward-looking economic costs are the costs which would be incurred if a new service were to be provided, or avoided if an existing service's provision were to be ceased, assuming that all inputs of the firm can vary freely (thus the term 'forward-looking' or 'long-run'). Considering the long-run economic cost ensures that the firm recovers all of its costs, not only operating and maintenance costs (which vary in the short run), but also fixed investments costs, necessary inputs in the provision of the service (which are not variable in the short run).
If market (or regulated) prices in a competitive framework exceed long-run economic costs, new providers will be attracted to the market, and this entrance would be efficient.
If market (or regulated) prices fall short of economic costs, no new competitor would have an incentive to enter the market, and some incumbent firms may decide to leave.
These voluntary actions of the firms in a competitive market achieve an efficient resource allocation by adjusting price or output until the value to consumers of additional output is equal to the additional costs incurred in its production (incremental costs).
Accounting costs, on the other hand, are historical costs ( embedded costs) as registered in the books of a firm, and pricing based on embedded costs would normally fail to make the connection between economic costs and prices, thus leading to inefficiencies in the allocation of resources. Moreover, it is likely to be inconvenient to 2 Firms should not be paid for their inefficiencies.
base prices or universal service obligation subsidies on information in the hands of the firms themselves (the well-known problem of asymmetric information). Only forwardlooking economic costs can give operators in the market the right signals for entry, investment and innovation.
Thus, international regulation has reached a consensus: the relevant definition of costs is the economic concept of long-run incremental costs 3 . Regrettably, the same consensus has not been reached over the appropriate approach to measure such costs.
How can regulators measure costs in practice?
The accounting auditing approach to cost assessment is by far the best known and the least information-demanding and time-consuming methodology. Accounting information is readily available to the regulator. The accounting approach relies on embedded costs recorded in the companies' books, so a regulation based on this methodology would be close to a cost-plus regulation, providing little incentives to the firms for cost minimization. Thus, productive efficiency would be thwarted. Moreover, assessing cost on the basis of historical data would lead to allocative inefficiency, as we stated above.
Another problem with the accounting approach is that it is based exclusively on information provided by the firms, with no independent checking. This is typically all the information that the license or the regulator himself asks the companies for, and it should be clear after the former discussion that it is not enough, if the regulator wants to minimize the asymmetric information problem and the informational rents the firms can earn. So, to improve regulation, more information is needed. Because the firm will have no incentives on its own to reduce the asymmetry of information, the regulator should make an effort to collect information beyond accounting data. This will allow him to implement a cost proxy methodology that could enhance cost assessment for various regulatory purposes.
The alternative to accounting methodologies is to use simulation exercises, varying mainly technology and market parameters, which rely much less on historical data (see stated in Benitez et al. (1999) ). These alternative methodologies provide a non-discretionary framework within which regulators and firms can discuss with a significant degree of objectivity, and which could provide an independent check on the accuracy of firms' cost studies. However, lunch is not free: these alternative approaches require much more time and effort in both data collection and preparation as well as the time and effort spent on model design. Since accuracy only comes at a cost (the cost of information), there will normally exist a tradeoff; we will discuss when these approaches are worthwhile, depending on the information at hand.
In their paper, Benitez et al. (1999) classify the proposed methodologies into two broad categories: financial models (as used in the UK and Australia) and engineeringeconomic models (as used in the USA). Both approaches agree on defining the relevant costs for regulation as incremental costs. The former 4 approaches focus on the overall financial performance of the firm with and without providing service to certain areas or customers (or groups of areas or groups of customers), thus concentrating on the costs the firm would avoid if it were to cease providing the service ( avoidable costs) and the revenues it would stop receiving ( foregone revenues). The analysis also takes into account a variety of factors that may indirectly affect the financial performance of the firm. According to this approach, there are universal service costs when the revenues generated by a customer or a group of customers are insufficient to meet the costs incurred by the universal service provider in providing the service to that customer or group of customers. Thus, to evaluate if a user is profitable or not, it is necessary to compare the long-term avoidable costs for the provider of service to that user and the foregone revenue. Long-term avoidable costs include the operating costs, depreciation and a reasonable return for the capital used. "Long-term" means the period of time in which all the assets are replaced. Then considering long-term costs implies that all the capital equipment costs that the universal service provider would stop needing, should it disconnect the service to the user, shall be included in the analysis. This is deemed appropriate since the universal service obligation influences the investment decisions of the universal service provider. Due to the fact that the long-term avoidable cost is an economic concept, the appropriate approach to evaluate the assets should be that of considering the asset replacement cost, such as is considered, for example, in current costs accounting (CCA).
The measure of the long-term avoidable cost obtained from the cost information submitted by the universal service provider will give the costs incurred by that operator.
However, it is not necessarily the case that this measure represents an efficient degree of avoidable costs. In the event that a finance mechanism is determined, the other operators
should not have to pay for the universal service provider's inefficiency. Thus, an efficiency adjustment must be applied to the long-term avoidable costs incurred so as to obtain an estimate of the efficient level of costs.
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The financial approach uses the proper definition of costs, and introduces some interesting concepts into the analysis of the universal service burden (like the indirect financial benefits of being a universal service provider). It seems, though, that financial models share some of the undesirable properties of historical embedded cost (HEC) models (accounting auditing approach). Both types of models rely on firm-reported cost data; the major difference is that the financial model uses a current cost accounting methodology rather than the HEC standard. Engineering-economic models have been developed in recent years as an alternative to the traditional econometric and accounting approaches to cost assessment. Engineering models offer a more detailed view of cost structures than is possible using econometric data. The engineering models (also known as cost proxy models) could enable the regulator to estimate the forward-looking economic cost of the service without having to rely on detailed cost studies that otherwise would be necessary. Proxy models can be useful for many regulatory purposes, such as determining levels of universal service support in high cost areas and the pricing of unbundled network elements (e.g. interconnection). An economic cost proxy model begins with an engineering model of the physical local exchange network, and then makes a detailed set of assumptions about input prices and other factors. The next sections explore in more detail the underlying structure of one such model and its input requirements.
III. The FCC Approach
The In what follows, we describe the most relevant features of the cost proxy model approach. We give an overview of the HCPM and leave the discussion on input requirements and data problems to the next section.
Structure of the HCPM
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The HCPM has from the beginning been designed to use sources of geocoded 10 customer location data. The model can also handle Census block level data as an alternative source of publicly available data. The last version of the FCC model incorporates some minor modifications to improve the performance of the model under 7 See Atkinson et al. (1997) . 8 See Bush et al. (1998) . 9 This part follows Bush et al. (1998) .
the expectation that it will ultimately be used with a source of geocoded data (we will return to this issue in the next section).
The most recent release of the HCPM also contains a clustering module that explicitly incorporates optimization routines as part of the clustering formation process (see below), and allows the user to choose from three different clustering algorithms. The HCPM currently consists of two independent modules: a customer location module and a loop design module.
Customer location module. The local exchange telephone network must connect every customer to a local central office switch. A critical component in the design of such a network is the definition of a 'serving area', which consists of a group of customers served from a common remote terminal. Then feeder plant connects every serving area to the central office and distribution plant connects every customer in a serving area to a 'serving area interface'. The customer location module first groups individual geographic locations of customers into clusters, to form serving areas based on engineering considerations. These considerations include a distance constraint, so that no customer is farther from a potential terminal location than is allowed by the maximum copper distance, and the maximum number of customers in a serving area, which depends on the capacity of the largest terminal.
A divisive clustering algorithm successively splits new clusters from a main cluster that initially contains every customer location. Clusters are evaluated on the basis of the relative distance of customers from the line-weighted centroid of the new and old clusters. After an initial clustering process, two different optimization algorithms look for ways to re-assign customers to clusters, so as to reduce the total distance from the cluster centroids, while satisfying the maximum distance constraints.
After geocoded customer locations have been grouped into clusters, it is necessary to further process the location data, so that they can be used by the loop design module.
HCPM defines a grid on top of every cluster and then subdivides each grid into a large 10 To geocode a customer or a wire center location (or any location), a coordinate (latitude-longitude) must be attached to that particular location (e.g., the customer's address).
number of microgrid cells, placing each customer location into the correct microgrid cell.
Loop plant can therefore be designed to reach only populated microgrid cells.
Loop design module. Distribution plant consists of the set of analog cables, structures and other facilities, such as network interface devises, that are required to connect every customer location to the nearest serving area interface (SAI). Feeder plant consists of the set of fiber, digital copper (T1) or analog copper cables and structure that connect every SAI to the central office. When there is more than one SAI, the model identifies a primary SAI, the one located closest to the central office.
The feeder network, which connects every primary SAI to the central office, is designed using a 'minimum cost spanning tree' algorithm, modified to take into account the cost of cable and structures rather than simple distance. Beginning at the central office, the algorithm builds a network sequentially by examining both the cable and structure costs involved in attaching new nodes to the network. Lowest cost nodes are attached first. When each new node is attached, the connection is chosen so as to minimize the cost of cable and structures that are required to connect that node to the central office using the currently existing network. Distance computation can be done using rectilinear distance or airline distance. In addition, 'junction nodes' are placed at points due north, south, east and west of the central office along what would be the main feeder routes in a traditional 'pine tree' feeder design.
In calculating the cost of the distribution network, HCPM employs two separate algorithms. One algorithm deploys vertical backbone and horizontal branching distribution cables from the serving area interface to reach every populated microgrid.
Branching cables run along every other microgrid boundary. Each microgrid is subdivided into equal-sized lots. Drop terminals are located to serve one to four lots and cables are placed on every other lot boundary to connect with the backbone and branching cable leading to the SAI. The second distribution algorithm uses the same minimum cost spanning tree network as was used to design the feeder network. In this approach, microgrids are divided into lots and drop terminal locations are determined as before. A spanning tree network is then constructed which connects every drop terminal to its nearest SAI. All distance computations used in constructing the distribution network are based on rectilinear distance.
The HCPM incorporates a number of explicit optimization routines in both the distribution and feeder algorithms. It selects the appropriate feeder technology (fiber, digital T-1 on copper, or analog copper) on the basis of cost minimization subject to engineering constraints defined by user inputs. The model also selects loop electronics by examining every feasible combination of large and small terminals and selecting the costminimizing outcome. In the feeder network, the model optimally determines whether to splice two fiber cables or run multiple cables at each junction point. All technology decisions are made on the basis of life cycle costs, based on a table of technology specific annual cost factors.
In this way, the loop design module determines the total investment required for an optimal distribution and feeder network by building loop plant to the designated customer locations represented by populated microgrid cells.
Applicability
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A key concern in developing countries is the importance of ensuring that the poor users or regions get access to services. These concerns are typically built in through the inclusion of service obligations in the concession or other types of privatization contracts signed between the governments and the private operators. The main challenge for the regulators is to ensure that the financing requirements claimed by the operators do not result in excess profits or grossly inefficient cross subsidies. An independent cost modeling approach can be a significant advantage in addressing this concern. For lowincome build-out programs and universal service initiatives, the unbiasedness property thwarts the 'cost-plus' inefficiency inherent in using accounting costs, since cash outlays are not based on monetary claims under the recipient's control. Because the HCPM approach involves economic optimization, the programs will be delivered at a lower cost (or level of subsidy) than the alternatives when comparable input values are used. The following table compares the HCPM with the more traditional accounting approach.
11 More on the topics in the remainder of this Section can be found in Sharkey et al. (1999) .
Applications Accounting Approach
HCPM
Access/ Interconnection
Leads to application of wholesale rates instead of incremental cost based rates.
Flexibility limited only by computing time that the user can tolerate.
Universal Service
Impossible to separate costs of subsidized services from unsubsidized services.
Flexible and unbiased.
Price Cap Review
Will understate efficiency gains by over-weighting historical data.
Greater optimization allows substitution among inputs, though not perfect.
Poverty Programs
Leads to "cost-plus" type arrangement for low-income infrastructure deployment.
Can lead to balanced, efficient social program.
Unbundled Network Elements
Accounting data not disaggregated in relevant way.
Flexible and unbiased.
Policy Objectives
The new regulators of infrastructure services in developing countries have a number of underlying objectives to meet. Among these objectives are the need to set independent benchmarks for cost-based regulation. Such independence is desirable from the perspectives of avoiding the pitfalls of cost-plus reward structures and of avoiding the undue influence of any one industry group on policy decisions. Benchmarks developed using the HCPM approach avoid both pitfalls.
Another objective is maintaining control of information used in policy applications.
The HCPM approach guarantees that all data input to the model are generated in a public process in which all parties are invited to participate.
A third objective is to enhance the transparency of cross-subsidies embedded in pricing schemes. The HCPM is likely to be the most accurate of the approaches, since it incorporates economic optimization and thus will calculate more accurate estimates of the costs of networks delivering subsets of the services provided by a complete network (stand-alone costs). Such computations are necessary for determining the presence and amount of cross-subsidies. Once again, we present a table where both the HCPM and the accounting methodologies are shown together.
Policy Objectives Accounting Approach
HCPM
Benchmarking Accounting models do not set independent benchmarks.
All sides can recognize independent benchmarks. Information Control Determined by accounting rules.
Determined by public data inputs.
Cross-Subsidy Transparency
Accounting models do not enable calculation of stand-alone costs; thus, subsidies cannot be calculated.
Greater optimization improves estimate of cross-subsidies.
Theoretical validity
The credibility of any model proposed for policymaking is determined by the adherence of the model to theoretical precepts. Such precepts include the realism of the model's treatment of customer locations, the incorporation of economic optimization, and the usefulness of the model for calculating true long-run incremental costs.
The HCPM accepts fully disaggregated customer location data and "builds" plant to individual customer locations, as mentioned in earlier sections of this paper. This characteristic helps in convincing skeptics who feel that cost models build "fantasy" networks, and is likely to result in more realistic cost estimates. Accounting models have no provision for handling customer locations on a prospective basis, since they can only model costs that have already been incurred. Moreover, they do not incorporate any significant degree of economic decision-making in the model and overstate the incremental costs of services, since inherent in the approach is a non-economic allocation of joint and common cost.
Limitations
HCPM also has some limitations. First of all, HCPM is unable to model a dynamically evolving telecommunications network. Such a model, involving complex dynamic optimization techniques, is likely to be quite computationally expensive and is beyond the current ability of cost modelers to develop. Given this shortcoming, HCPM may provide a second-best advantage in that it optimizes more significantly than the other approaches, and one can therefore use the HCPM to calculate an optimal static network at various points of time in order to approximate certain dynamic considerations. This repeated static exercise will not result in an optimal time path for the network (since it always "rebuilds" the network from scratch), but is an improvement over the alternatives that do no optimization at all.
Another limitation that the HCPM presents is a failure to model the labor input in a detailed way. Accounting approaches may be somewhat better in this dimension, since if the data are available one can observe a time path of labor cost, perhaps by activity type.
However, a well-designed industry or independently designed proxy model can make use of this information in order to appropriately calibrate input values.
Both approaches also share the limitation that economic depreciation information is not generally available. Conceivably, information requests may lead to economic depreciation information being available over time. Accounting-based approaches have a clear advantage in terms of current data availability and in their treatment of stranded investments. The forward-looking investment data necessary to use the HCPM can be difficult to collect, necessitating a large amount of staff time. Accounting models inherently handle stranded investments, since they are inherently retrospective. Of course, it is a matter of some debate in many circumstances whether such investments actually exist or are a significant proportion of total plant; to the extent they are, proxy model approaches must be adjusted to account for stranded investments if necessary for the regulatory objective.
IV. How Much Data Does a Regulator Really Need? Data Requirements
A main concern in most reforming developing countries is the limited access to data. This implies that a careful assessment of the data capacity of a regulator is probably the first stage in the development of a toolkit for any regulator. The following table 12 shows the input requirements of the HCPM, compared to those in the accounting approach.
Data Requirements
Accounting Approach
HCPM
Customer data Only aggregate historical data used.
Uses and processes data at any level of aggregation.
Input Prices
Highly aggregated; not forward looking; accounting categories not relevant to economic issues.
Highly disaggregated input data possible.
Engineering Engineering inputs other than historical experience not possible.
Based on network optimization principles; can design to variety of engineering standards.
Time to implement
Accounting data available now in many countries, but not in others.
Logic available now; inputs may require six months or more.
Most typically, regulators of privatized utilities will start from scratch and initially have only a very modest source of information to work with. As regulators build on this information, they will need to consider the policy issues that they will ultimately have to address. These issues will determine the form of the best cost model for regulatory purposes and therefore should determine the optimal degree of disaggregation to impose on the data collection process. A significant advantage of a flexible model such as the HCPM model is its ability to accommodate various levels of input data disaggregation.
Useful results can be obtained initially with relatively aggregated Census level inputs, but the same modeling engine is able to accept the most disaggregated customer location data that can be provided. Other inputs representing the costs of best international practice in specific areas can also be derived from current values used in the HCPM since these are driven by technology rather than local conditions. At a later time, these inputs can be customized to fit local conditions as required.
But, what is the usefulness for regulation of cost proxy models like the HCPM?
Several questions arise in this context: What is the least information a regulator should have at hand if he is to trust the results given by the model? What is there to be gained if better data is available? What can the regulator do with certain qualities of information?
Precision will normally pay, so it is likely to be convenient to make some investment in data collection and elaboration.
We mentioned that the HCPM had been designed with the expectation that it would ultimately be used with a source of geocoded data (i.e. geocoded customer location data or Census block level data). But does lack of geocoded locations imply that the model cannot be applied? The answer to the question is no (with some qualifications). If a map of the study area were available, a grid could be placed on top of it, and blocks could be constructed, where each would be given a location in the grid. In this most primitive case (least information case), we assume that only the total number of residential and business lines for each wire center, locations of the wire centers, and a fairly detailed country or regional map are available. We assume that a user is capable of manually "gridding" the map, creating a matrix in which areas that appear from the map to be populated are given the value '1' and areas which appear not to be populated are given the value '0'. Each populated mesh in the grid is assumed to have the same number of lines and the same area; these data are converted via a straightforward computer program into input files usable by HCPM. The program assigns each populated mesh block to the nearest wire center as measured by earth surface distance between the coordinates of the mesh block and the switch.
Alternatively, another minimum information case might be one in which the wire center locations are known and customer locations are known at a more aggregate level; that is, very imprecisely (intermediate information case 1). We have implemented this possible scenario using Census data for the second largest city of Argentina 13 at the level of the fracción, which is a collection of radios, which in turn is a collection of manzanas, the smallest reporting unit available. 14 We have also computed costs when information is available at the level of the radio. The results of this thought experiment can be seen in Table 1 . The results of the computations for this particular case can also be seen in Table 1 below. The total investment shown in the table is the sum of feeder costs, distribution costs, drop costs and some other costs (e.g., terminals, interfaces). 15 As can be readily seen from the table, the use of relatively aggregated Census data does not markedly bias the results with respect to what we take to be the best approximation to the true cost, i.e.
intermediate information case 2 (manzana). Note that using radio there are no significant differences in total investment (less than 1% higher), and using fracción, total investment is only 9% higher than with manzana (our best estimate of the true cost, at least with Census data).
The best situation regarding data availability would be one in which costs calculations could be performed having nearly perfect information available on precise individual 13 A brief description of the database used for these exercises can be found in the appendix. 14 Those familiar with the U.S. Census data reporting conventions can think of the manzana as analogous to the Census block, and the radio as equivalent to the Census block group, or CBG. 15 Total investment does not include maintenance, depreciation and cost of capital charges, among others.
customer locations (maximum information case). The telephone companies could provide such a database, in which customer addresses could be geocoded using a standard GIS package, like ArcView®. Each location could then be mapped using a simple custom computer program to the nearest wire center location.
Should this kind of information not be available, the regulator could resort to Census data at any level of (dis)aggregation (as discussed above). The question remains whether this would be a good substitute for the precise individual customer locations. To show that it could be so (at least in populated areas), we considered two wire centers (A and B) of Argentina's second largest city and compared the results using the geocoded locations of the customers 16 served by those wire centers (geo-A and geo-B) with the results when Census data (manzana level) corresponding to the area served by them is used (census-A and census-B). The estimates are shown in Table 2 . The table shows that there are no large differences between both data sources, so in principle, Census data could be used whenever geocoded customer locations are not available. Moreover, if the regulator wishes to measure the costs of serving a currently non-served area, she would have to resort to information from the Census, since customers do not exist by definition.
V. Conclusions
Cost proxy models are promising regulatory tools, which can be used to assess the efficient cost of providing telephone services. These models could enable the regulator to estimate the forward-looking economic cost of the service without having to rely on detailed cost studies that otherwise would be necessary. This alternative methodology provides a non-discretionary framework within which regulators and firms can discuss with a significant degree of objectivity, and which could provide an independent check on the accuracy of firms' cost studies. However, lunch is not free: these alternative approaches require much more time and effort in both data collection and preparation as well as the time and effort spent on model design.
In general, reliable and detailed information (as required by costs models) is a scarce good in developing countries. In this paper we have established the minimum information requirements that a regulator needs to implement a cost proxy model approach, and we have shown that this 'data constraint' need not be that binding. In particular, the HCPM can run with the following inputs:
• Census data. Each unit surveyed in the Census (e.g. Census block, or Census block group) should be referenced to a system of coordinates (e.g. latitude and longitude; nevertheless, the model can be modified to work with another system -even with an
Excel worksheet-when latitude and longitude coordinates are not available). There should be information on the number of households in each Census unit, and on the number of units in a Census unit group.
• Location of wire centers. Each wire center in the study area should be referenced to a system of coordinates (e.g. latitude and longitude; nevertheless, the model can be modified to work with another system -even with an Excel worksheet-when latitude and longitude coordinates are not available). There should be information on the number of lines provided by each of the wire centers. The telephone companies could provide this information.
• All other inputs are provided by the model (i.e. factor prices, technologies, etc.), based on information for the US, but can be freely varied by the regulator when this information becomes available in the country.
We have also shown that Census data is a good substitute for the individual customer locations, and that the level of aggregation of the Census information does not markedly alter the estimates. Geocoded customer locations may prove difficult for the regulator to obtain, but aggregated Census data is likely to be available in most developing countries, making cost proxy models easier to apply to their particular realities.
